Abstract First branchial cleft anomalies (FBCA) represent a small subset of congenital malformations in neck. Prime objective of this study is to share our experience with FBCA, emphasize its relevance in otolaryngology and deal with its pediatric perspective. Embryology, pathologic anatomy and varied spectra of clinical presentations of FBCA are discussed. Along with this we have illustrated three different cases; all of them were of pediatric age group and were misdiagnosed by their treating specialists elsewhere. In this article we have also laid special emphasis on its pediatric considerations. FBCA are mostly misdiagnosed due to their unfamiliar clinical signs and symptoms. Swellings may masquerade as other neck masses. Majority of patients give a history of previous incision and drainage. While dealing with pediatric patients the important factors to be kept in mind are the age of child, superficial course of facial nerve, any associated agenesis of parotid gland. Alteration in surgical technique may be required in children. A thorough medical examination with high index of clinical suspicion should be kept in mind while dealing with such anomalies. Owing to their complex presentation and close relation with facial nerve they are challenging lesions for surgeons.
Introduction
First branchial cleft anomalies (FBCA) originate from branchial apparatus and are very unusual cause of congenital neck swellings. Embryologically branchial apparatus is a transient structure that is formed between 4th and 7th weeks of fetal development. Its incomplete obliteration results in development of these anomalies [1] . Branchial cleft anomalies can manifest in different morphologic patterns such as a cyst (a closed pouch with no opening), a sinus (a tract with one opening), or a fistula (a tract with two openings) [2] . Of all the branchial cleft anomalies majority are second branchial cleft defects. FBCA form just 1-8% of these defects [3, 4] . The annual incidence of FBCA has been cited as 1 per 1,000,000 [3, 5] and they are commoner in females (69%) as compared with males (31%) [3] . FBCA have been categorized into two types. Type I anomalies are cysts or sinus opening medial, inferior, or possibly posterior to conchal cartilage and pinna. Tracts, when present, run parallel to the external auditory meatus. Type II anomalies are regarded as duplication of membranous and cartilaginous parts of external auditory canal. They consist of a fistula running from floor of ear canal to neck with opening of the sinus being localized above the hyoid bone anterior to the sternocleidomastoid muscle. Type II FBCA are more common than type I [6] . In either case, the course of the tract is quite variable.
The clinical features vary from recurrent periauricular swelling, a sinus in neck, sinus in external auditory meatus presenting as ear discharge or fistula below angle of mandible. Their rarity and diverse presentation often leads to misdiagnosis resulting into inappropriate treatment. Eventually, diagnosis of FBCA is often made only after multiple incision and drainage procedures have been performed on what is thought to be a simple cyst or periauricular node. Successful treatment necessitates a thorough understanding of the complex embryology involved in the pathogenesis of these anomalies, close relationship of the branchial anomaly to the facial nerve and wide range of clinical presentation of such branchial anomalies.
Embryology and Pathologic Anatomy
The complex embryology of neck almost guarantees a plethora of congenital anomalies. Proper knowledge of regional embryology and pathologic anatomy play key role in establishing an early diagnosis at initial presentation.
Branchial apparatus was first described by VonBaer in 1827 but developmental anomalies were credited by Von Ascheron [7] . This apparatus resembles primitive gill slits [8] having six transverse mesodermal arches divided by five clefts (ectoderm) externally and five pouches (endoderm) internally. A closing membrane is located at the interface between the pouches and the clefts. By the 7th week, these arches fuse and the corresponding clefts are obliterated.
FBCA originate from subtotal closure of ectodermal portion of the first branchial cleft. Whether the defect is a fistula, sinus, or cyst depends on the degree of closure. The anomaly begins on the floor of the external auditory canal either at the level of the bony-cartilaginous junction or in the cartilaginous portion, follows the seam between the mandibular and hyoid arches, and ends in the submandibular region more or less distally, depending on the extent of the disturbance of the fusion. Since the obliteration of cleft proceeds from ventral to dorsal side thus the chances of occurrence of malformations near the ear and parotid region are greater than that occurring at the hyoid area [9] .
FBCA have intimate and variable association with parotid gland and facial nerve. This can be attributed to somewhat later (6th-8th week) embryologic development of the gland and upward migration of facial nerve as compared to branchial cleft obliteration. The time of onset of the anomaly in relation to the change in character of the lateral surface of the fetal pharynx may well be an important factor in determining the final course.
Several classifications of these anomalies have been proposed to assist clinical diagnosis. Arnot [10] described the first anatomic classification for FBCA in 1971. He described type I defect as cyst or sinus in parotid gland, lined by squamous epithelium and manifesting in early or middle adult life. He proposed that these anomalies developed due to embryonic cell rests buried during obliteration of cleft. Type II anomalies (cyst or sinus) present during childhood in anterior triangle of neck and often have communication with external auditory canal.
These anomalies emerge due to incomplete obliteration of cleft.
Later on basis of their histology, Work [11] in 1972, classified FBCA into two types; type I and type II. Type I FBCA are usually seen in younger adults and are ectodermal in origin. They are considered to be duplication of the membranous external auditory canal and travel parallel to the external auditory canal ending in a cul-de-sac on or near a bony plate at the level of mesotympanum. If infected, they can open inferior, medial, or posterior to the pinna. In most of the cases they present as a peri-auricular cyst without external communication. Histologically these are lined by simple squamous epithelium with no mesenchymal elements. They usually lie lateral to the facial nerve. Type II FBCA usually presents in early childhood and have both ectodermal and mesodermal origin. They are regarded as duplication of both membranous and cartilaginous parts of external canal and contain skin with adnexal structures. Here the fistula runs from floor of the external auditory canal to the upper neck below the mandible passing through the parotid gland. It may lie either medial, lateral or in between branches of the facial nerve. The cysts when present are closely associated with the parotid gland and if infected, they usually drain near the angle of mandible. Type I anomalies are very rare, type II being more frequent. The middle ear is normal in both types of FBCA with rare exceptions [12, 13] .
Karmody [14] , further extended the concept of FBCA including congenital anomalies of the external ear. He proposed four types of anomalies including aplasia, atresia, stenosis, and duplication. In 1980, Olsen et al. [15] proposed a simplified classification subdividing the FBCA into cysts, sinuses, and fistulas. Classification proposed by Karmody and Olsen et al. has been found to be clinically more relevant [5] .
Clinical Presentation
Patients with branchial cleft cysts are usually older children or young adults in contrast to patients with fistula, who are usually infants or young children [16] . Triglia et al. [9] noted a delay of 3.5 years between the initial presentation and adequate treatment. This can be attributed to its multifaceted presentation because of which the patient lands up with physician, pediatrician, or general surgeon before reaching an otolaryngologist. The varied spectra of manifestations include:
Otologic Manifestations
FBCA may manifest as cysts or sinuses in relation to the external auditory canal and auricle [17] . The most frequent otological manifestation is otorrhoea or recurrent otitis S272 Indian J Otolaryngol Head Neck Surg (January 2014) 66(Suppl 1):S271-S276 externa with infective exacerbation. Along with this there may be complaints of episodic swelling draining into external auditory canal. Patients may complain of hearing loss and sensation of stuffiness in the ear either due to obstruction of ear canal or due to oedema associated with otitis externa. Usual sites of external opening of fistulas and sinuses are external auditory canal (40%), upper neck (32.5%), concha (20%), and post-auricular area (7.5%) [3] .Other sites include middle ear, parapharyngeal space [18, 19] and Eustachian tube [20] . A sinus or fistulous opening may manifest as a pit at the site of its entrance commonly into the external auditory canal. The ear canal may be partially or completely obstructed by peri-auricular cystic swelling pushing the canal walls. There may however be complete absence of signs in the external auditory canal. Sichel et al. [21] stated that type II FBCA were associated with a myringeal web i.e. an epidermal web extending from floor of external auditory canal to umbo or pars tensa of the tympanic membrane [9, 21, 22] . Usually tympanic membrane and middle ear are normal. Yalcin et al. [22] reported a case where a first branchial cleft lesion was associated with cholesteatoma of mastoid and middle ear, microtia and aural atresia. Bilateral ear involvement in FBCA has also been reported [19] . Thus a thorough otological examination must be exercised in all patients having complains of recurrent or chronic otorrhoea (mucopurulent/purulent) in absence of middle/external ear infection.
Head and Neck Manifestations
The commonest head and neck manifestation is swelling in the periauricular (24%), parotid (35%) or cervical region (35%) [9, 23] . Anatomically first branchial cleft cysts or their sinus orifice are located in Pochet's triangle [21] . This triangle (Fig. 1) is bounded by external auditory canal superiorly, the mental region anteriorly and the hyoid bone inferiorly. They are often accompanied with repeated episodes of infection. Pathognomonic of Type II anomaly is a history of multiple incision and drainage for an abscess [24] . Recurrent surgical incision and drainage before definitive surgical procedure has been reported in 35-48% of cases [9, 25] . These anomalies are usually found close to the superficial lobe of parotid gland, majority of cysts occur in region of lower pole. They are frequently misdiagnosed as benign parotid tumors or innocent superficial sinus or cysts thus contributing to long clinical course and delays in diagnosis and treatment [15] .
The relation between the facial nerve and the sinus or fistulous tract seems to be variable. The course of fistulous tracts in relation to facial nerve can be lateral (41%), medial (37%), or between the branches (22%) whereas sinus tracts usually have a superficial course (76%) [3] .
Further adding to the difficulty in diagnosis is lack of association between these anomalies and other facial malformations.
Pediatric Considerations
The best possible outcome necessitates early diagnosis at primary presentation and necessary surgical expertise. The mainstay of diagnosis is thorough clinical examination with high suspicion on its occurrence. While managing these lesions, it is prudent to remember that any excisional procedure in acute inflammatory stage may complicate the future definitive treatment. The recurrence rate of these lesions is doubled by infection, incomplete resection and non-curative interventions. A superficial parotidectomy with a wide exposure under general anaesthesia is crucial for the complete removal of these lesions. Surgical approach must meet the criteria to provide wide exposure of the entire area, allow excision of the fistulous or sinus tract with careful identification and preservation of facial nerve and minimize the resulting surgical scar by giving incision along the lines of contour of involved cervico-facial area [26] . It is advised that if branchial cleft anomalies are noted in newborns or just after then, operation plans should be deferred up to 6 months of age due to their undeveloped auricular cartilage and mastoid. Their variable relationship with the facial nerve and scarring due to previous infections can make the excision difficult especially in pediatric age group. Dissection and complete removal are easy in absence of any previous infection and surgery can be safely performed at any time after the 6 months of age [27] . In young children the facial nerve is more prone to injuries as it lies more superficially, and surgical landmarks to correctly locate it may be somewhat difficult to find. Thus for wide and safe excision a modification in usual surgical methods may be required [28] . Murthy et al. [28] proposed a retroauricular incision in children to avoid injury of the facial nerve. A sinus or fistulous opening in the external auditory canal requires excision along with skin and cartilage. If the tympanic membrane or middle ear structures are encroached, reconstructive ear surgery may be needed [12] .
Another difficult condition while surgery, especially in children is the agenesis of parotid gland. This can be suspected if there is presence of a dimple anterior to tragus [28] and it can be confirmed on CT scan.
Illustrative Cases
We have illustrated three cases of FBCA, all of pediatric age group. Common factor among all three cases is the misdiagnosis and definitive treatment delay in these patients.
Case 1
A 13 year old boy presented in our out patient department with complaints of recurrent episodes of painful swelling in right parotid region since 2 years for which he underwent incision and drainage twice in past. On examination the swelling was 2 9 2 cm, firm in consistency, slightly tender, mobile and the overlying skin had scar marks of previous incision and drainage. His previous records revealed three FNAC reports, two suggestive of chronic nonspecific sialoadenitis and third had features suggestive of an abscess. Thus the patient was being treated by a pediatrician for the same since past two years. The FNAC in our institute was suggestive of an infected retention cyst. CT scan revealed cystic lesion in superficial lobe of parotid with wall enhancement suggesting the possibilities of abscess or infected retention cyst with inflamed parotid tissue. Patient was subjected to superficial parotidectomy. Intraoperatively (Fig. 2) a cystic mass was found in superficial lobe of parotid lying partly superficial and partly deep to facial nerve. Along with this there was an aberrant facial nerve. Superficial parotidectomy was done preserving the facial nerve and specimen was sent for HPE. His biopsy report revealed Work's type I FBCA with chronic sialoadenitis.
Case 2
A 9 year old boy presented to us with complaints of unilateral recurrent right ear discharge since 5 years. There were no complaints of reduced hearing, tinnitus, or vertigo. The child was diagnosed as a case of recurrent otitis externa by a private practitioner and was being treated for same since past 4 years. His examination revealed a pit in the floor of cartilaginous part of right external auditory canal (Fig. 3) and tympanic membrane had a myringeal web (Fig. 3) running from posterior quadrant of pars tensa to floor of external auditory canal. A sinus was seen in the right anterior triangle of neck lying just lateral to hyoid bone (Fig. 3) . Sinogram revealed tract ascending upwards towards the ear. Thus a diagnosis of FBCA was established and after performing required investigations including CT scan surgical exploration was planned for the patient. Intraoperatively the tract extended upwards from neck passing through the superficial lobe of parotid gland, lying lateral to facial nerve terminating into cartilaginous part of ear canal. Thus whole of tract along with superficial lobe of parotid gland and a cuff of cartilaginous part of external auditory canal were removed. The biopsy report revealed Work's type II FBCA.
Case 3
A boy 15 years of age came to us with complaints of recurrent painful swelling in right post auricular region since past 10 years. The child was being treated by a general surgeon. He had a history of multiple incision and drainage for the same. Despite treatment the swelling recurred and thus the patient was referred to us. On examination there was a sinus (Fig. 4 ) just anterior to mid of tragus and an inflamed swelling present in post auricular region with central fluctuations. On pressing the swelling purulent discharge could be seen coming out of the sinus. The external auditory canal and tympanic membrane were normal. Clinical diagnosis of FBCA was established and after aspirating the pus he was given a course of broad spectrum antibiotics and analgesics. The patient was subjected to surgery once the infection subsided. Post auricular incision was given and cyst was dissected free from its attachments a tract was found extending from it along the floor of cartilaginous part of external auditory canal ending up in the sinus in preauricular region. Cyst along with tract was excised. His histopathology report confirmed the diagnosis of FBCA.
All three patients are maintaining a regular follow-up and are disease free till date.
Conclusion
As otolaryngologists we deal commonly with second and third branchial cleft anomalies, occurrence of FBCA is relatively rare. Since these anomalies exhibit a wide spectrum of clinical presentation, their correct early diagnosis may be difficult. Due to their complex presentation and close relation with facial nerve they are challenging lesions for surgeons. 
